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each scan. The root-mean square coefﬁcient of variation (RMS
CV) was used as metric to qualify the reproducibility.
To test the equivalence of the two coils we examined the corre-
lation of the cartilage measures between the two coils using a
Bland-Altman analysis as well as a linear regression ﬁt. For this
test the readers were fully blinded to patient identity and images
were analyzed in a random order.
Results: The “intra coil” comparison RMS-CV ranged from 0.52
to 4.5% for the quadrature (QUAD) coil and from 0.73 to 3.59 for
the phased array (PA) coil. (Table 1) For the inter coil comparison
the R squared values ranged from 0.74 to 0.97. (Table 2) The PA
coil was found to have systematically slightly larger values than
the QUAD coil.
Table 1: Intra coil reproducibility (RMS CV)
Coil: region Volume Bone surface Cartilage surface Thickness
(mm3) area (mm2) area (mm2) (mm)
QUAD: Femur 1.56 0.93 0.52 1.65
QUAD: Medial Tibia 2.2 4.5 1.11 2.59
QUAD: Lateral Tibia 1.63 2.63 0.93 1.29
QUAD: Patella 1.8 1.69 1.07 1.88
PA: Femur 1.64 2.1 1.56 1.09
PA: Medial Tibia 1.77 3.59 0.73 2.07
PA: Lateral Tibia 1.85 2.66 0.95 1.57
PA: Patella 1.78 3.39 2.79 2.37
Table 2 inter coil comparison (R squared from linear regression ﬁt)
Region Volume Bone surface Cartilage surface Thickness
area area
Femur 0.90 0.84 0.87 0.74
Medial Tibia 0.91 0.91 0.82 0.92
Lateral Tibia 0.96 0.82 0.86 0.91
Patella 0.97 0.93 0.93 0.95
Conclusions: Neither coil had systematically lower reproducibil-
ity values, which suggests that a phased array coil can be used to
segment cartilage robustly. There was also excellent agreement
between measurements made by both coils indicating that either
coil can be used in a clinical trial for robust quantitative analysis
of cartilage.
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Purpose: T1rho MRI is an unconventional contrast mechanism
and is used to quantitatively assess proteoglycan loss in hu-
man articular cartilage. T1rho relaxation times are signiﬁcantly
elevated among patients with early OA compared to normal con-
trols and T1rho has detected trauma-induced cartilage changes
not seen with conventional MRI. However, the lack of a pulse
sequence for rapid 3D T1rho imaging is an obstacle to its imple-
mentation in clinical OA trials. Rapid (< 2 minutes), isotropic, 3D
T1rho images have not previously been obtained because of low
SNR, nonselective pulse excitation and the need for equilibrium
magnetization recovery. Here, using a T1rho-prepared b-SSFP
pulse sequence, we present the ﬁrst isotropic 3D T1rho images
of the knee joint at 1 mm cubic resolution in 2 minutes.
Methods: The pulse sequence for rapid 3D T1rho MRI consists
of an inversion recovery (TI = 1700) preparatory period designed
to null joint space ﬂuid, spectrally selective fat saturation, T1rho
preparation, and magnetization readout with a centrically en-
coded balanced steady-state free precession (b-SSFP) pulse
train (Npulses = 128), followed by a recovery delay (Figure 1).
The pulse sequence is repeated for each slice encode (Nslice
= 20 or 36) for a total scan duration of 2 or 3:30 min. Images
were obtained with an 8-channel transmit/receive parallel RF coil
(InVivo) on a 1.5 T Siemens Sonata with the following imaging
parameters: TE/TR/FLIP = 3.7/7.4 ms/30 deg, matrix = 256x128,
interpolated to 256x256x40 (or 72), resolution = 1 mm3, TDELAY
= 6 s, BW = 130 Hz/pixel. 5 scans with varying T1rho-preparation
periods (TSL = 2, 10, 20, 30 and 40 ms) were used to obtain
a T1rho relaxation map. Elliptical regions-of-interest were manu-
ally drawn to calculate mean T1rho in the superﬁcial, middle and
deep zones (ImageJ).
Figure 1
Results: Two representative axial slices from an isotropic 1
mm cubic T1rho map of the patellofemoral knee joint for two
asymptomatic subjects ages 32 and 29 (Figure 2A and 2B).
While (A) depicts normal appearing, laminar, articular cartilage,
(B) has elevated T1rho in the middle zone and 2 distinct regions
of elevated T1rho in the deep zone (white arrows). In these
two regions T1rho is higher by ∼20 ms (T1rhodeep = 25 ms
and T1rhoelevation = 45-49 ms). Since the scan duration is
proportional to Nslices, acquisitions with Nslices > 80 (total
acquisition time for 1 T1rho map = 20 minutes) are the current
limit on an acceptable scan duration. We are currently exploring
3D knee joint reconstruction in all three planes with an extended
matrix size.
Figure 2
Conclusions: Rapid, isotropic, 3D T1rho imaging was achieved
using a T1rho-prepared b-SSFP sequence, advancing the use
of T1rho imaging for clinical OA trials. Elevated T1rho values
were observed in the middle and deep zones of a single asymp-
tomatic subject, reﬂecting possible swelling and cartilage lesions,
respectively.
